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;^#a^#.^^5im^i:^^M. (MEMS) itm ^ 

7t # >t4 J-x ^ M S.^^ X 351 M 

(piezoresistors)lr — :^^Tn7.^(flange) ' i^^^^^m^t 

3000x3000x300 ^m^) JB-J:.:^ f J — M ^ & ^-t M 
1100x1100x3 (am^) ' - i^^^^^^^^ 

^X^^iS^^ : A contact type micro piezoresistive shear-stress 

sensor) 

In this invention, a contact type micro piezoresistive shear-stress 
sensor is fabricated by the micro-electro-mechanical (MEMS) technology, 
and its main sensing part is a 2-X shaped with a flange structure, for 
measuring the shear stress distribution between socket of above-knee (AK) 
prostheses and the soft tissue of amputee's stump. Comparing with a 
conventional- shear stress sensor, this invention owns the following 
characteristics: piezo-resistivity of the monolithic silicon will be utilized to 
convert shear deformation of the sensor into electrical signal and a micro 
sensor which can measure the shear force vector acting the sensing flange. 
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#>i:*#ffiit#ftl:5^ (Application specific IC, ASIC) ; 



^X^^H^^ i^^-^J&M ' A cxmtact type micro piezoresistive shear-stress 
sensor) 

The preparation processes of this invention are described as 
followings: A 3000x3000x300 ^m^ diaphragm is prepared by anisotropic 
wet etching of bulk siUcon in KOH solution and a square flange with 
1100x1100x3 ^m^ above the sensing diaphragm is formed through surface 
micromachining of deposited S'lOj thin film. With ion implantation, two X- 
shapes were placed at the closely middle points between mid-edge points 
and center of the diaphragm where less sensitivity to normal pressure and 
higher sensitivity to shear stress. The sensitivity of 3.6uv/mA-Kpa for a 
70Kpa full scale (FS) shear-stress range with shear-stress hysteresis en-ors 
of less than 8.9%FS has been measured in the developed shear-stress 
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n<im)¥j^^M^^^^7t^^^^ ' l:r-H-^>^ 1~4 ohm-cm ' M- 
425±15 ^mJj'XTfe.m-^ttl-:^^ X 5^^PJL^iL^^ffl>f^ ' Jii-X 

m^i^^M.^ ^it>^m(BoronX^t ^ 14 Kev ' #1*4; 
2xlOW) " (2)at.^^b^(K0H)^b^>^>j^;^^t®^^'Jtb 

^jH^^^^t^J^^iSiOiXM-^^ 3 urn) ° i3)m7t^^M^m 
(Pyrex 7740)^iicl%;f^^^[>5^:&>fa-^ittM(DC lOOOV) ' 7740 
^ iS->^'^ 400°C] " (4)^^^^I'J-^^it3cr ' J-X 
BOECBuffer HF),^#f>^>^ ' ^^'i SiOz f#^#^/T^e27.^ffl#^ 

j4^5c^^^^ i^^^^M ' A contact type micro piezoresistive shear-stress 
sensor) 

sensor. 
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^^i^M^ ' ^^7t##.#.#^^'J ° 70Kpa ^MMti 

(shear stress)lig|j^ > itbWl^7t#l:^lJiWI-^S^>^4/ 3.6 
lav/mA-Kpa » X^#>{t;^^?tmil'J>;^ 8. 9% FS «> 
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^mt^m (1) 

\^m%i^XvB^t^ - th^M^ti M.^^ X 5!i^na-(piezoresistors) 



jyL^6^j^l'f^j:-3^t ♦ ^Ji^ ^(Above-knee Prosthesis)^tS: 
/S^/S* International Journal, % 38 1 m% n 'K 
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- (2) 

fln fir fa^ 4i #^ iE- ;^ ;^ (Normal Pressure) 
(Shear-Stress) ' it^m^ ^^^^^^^>^>t i^^'fi^^^P 

Bf6fj4fit>^ ° ^^hf^^M. Zhang #A;ir^y«fefl^ica7 i5>3^. , 
^ 18^^ 3^^ 207 1^214 H(1996)4a^e.^'Jffl^^^^^ 
Pf< 7t -t m ^ ( FEM ) ^ ^ ^ 0 T ^ ^ ^ * ^ ^ ^ ^ ^ 

Trans, on Rehabilitation Eng.. ^ 4 4 337 I 
^ 346 K(1996) -r.^^^*Pa7C^^^^^#tt#^ 
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^M^k^^Mf^^^^M;h ° M. Zhang ^A.^ lEEETrans. 
on Rehabilitation Eng., ^ 4 4 337 15. 346 1 

#f«1^#'-:i:AJLi^Mi7 320K(Pa) ' ^a^i^t^tfaf t^'ir't 
irii;^^>^''Jli>J^J^'ftB^ ' ^I^af^-jti^Jl;^ 320K(Pa);5fe;«?o 

^)li^^mia|r>^;^^>A'JII ' 320K(Pa)^JLi^^ 
IT m ;^ -tb^ € ^ f m ^ * A ^-^-^ 't: >^ ^ it ^'Ji 6f> - 
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S e.^^#a-^ A Jyh-Jier Ho # International J. 
of Electronics ^ If f Mit^t^-L A ^ ^ Jl;! ;^ ^ ^fjj H 



^^4i^^iM^°>j5trBmi:^l'J^^5!!t 'Chang Liu. ^4>^^J. of MEMS, 
^ 8^^ 1 90 IJL 99 H (1999):$a^;^5^!^irmi7^^|jj 
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i ^ ^mt^m (6) 

>'FjJtfL5^;^^^I5]i?f3#.i«^4, Tao Pan ^-A^^ AIAA Journal % 

37 ^% 1 66 72 K (1999)4^ » A.P. 

Neukermans #A^^^^^.J (US patent)^ 6,044,705 fit 

(2000):^Mt5^ ' A.D. Kurtz ^ 11 -|-^<J ^ 4,442,717 

^(1984) ' Javad Shajii #>^;i?^ / of MEMS, % 1 ^ 

^ 2 89 94 1(1992)^51^. ^Jlna^ « ^ X. Chen ^ • 

K.^^m^-M% 6,040,900 !^(2000) ' A. Padmanabhan 

Transducers' 97 % 137 140 1 (1997). 

^^^A^m ' 'fs^t(5:t#'f^a6^;Mm^—^^>f7C -^(Floating 
element) ♦ ty^l^yk^SiM^^m^B^^^^m^^ M ;^ 
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* >I'J;^#|%^lt^ ;t f-l ^ ^ (Contact-type) 

il-fei Jyh-Jier Ho ^ International J, of Electronics 
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3000x3000x300. Mm^jLjL^r^ 1 -m^1\^^^i}^ir ^ 

1100x1100x3 m^) ' ^ 

^#r4s^'^^>^#Sffiit^t^^^ (Application specific 
IC, ASIC) ; ^m^P#-^'J^(Array),%;ft ' II^A^^^f:^^ 



-fill X ^mumi-^^^Ai^^Tti^^^^r^^^^l^Hn -iti.^ 
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i > #-a«tJlW (9) 



(ohm-cm) ' M-g^^ 425±15 (|Lun) ' ^^^J^Cll) » -j^itfr 

iij.x^^#;ttL(13);r^*i^>^(Boron)^^i:^ 14 Kev > #J 
2x10'^ (cmO o 

^ (Sputter) ^ IL^b-^ (Si3N4) Ji;lf it na Ji ^ ^^t^^^ 
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^mnm (10) 

(cy;^^iL^^tifaon)>^}^^im 4.5 -j^a^ . y^^^pi^ 70 

"C » ikP]^ ' HF : H20=l:10 » Ji^l^ 

-i:>^>^47 400°C - 

(e)>jf 7t#|^j^J^(Pyrex 7740)iiJcI%;j3t#^ ; >5^1.;fe#JE^ 
M ' 7740 ^i^^^-^m. > DC -^m. lOOOV ' ^S..^^ 400 
°C - 

^i^^f m#m^a,^(f lange) 
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i ^ ^mnm (ii) 

(l)'^^ffi^'^@lX^MF^'t^^l>•J7G■f-'J-;iF^;^-t 4/ 3000x3000x300 
Mfli^' ^^^m-f^mJE-_L:^^ T-^lil>^-tib 1100x1100x3 [m^ 

(3) ^^fff^^m-^ mil ^nn¥^m i^Js^S^ ^^^^U¥t ' 
it^lil:i2^(Application specific IC, ASIC) \.^M,M. 
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x-^^mi^m (12) 

(l)^#B^ic#:ar# 3. 6 uv / mA-Kpa > 
;^p^8.9 %FS ' ±mi-r^m^^± o 



m 1 4?^^a^7t#^#m-7t^^;f/f^^7|t't 640Kpa JLi^M;/? 
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(13) 

* m t ' ^lf'5^(Si)Mm.##>^ib,^^a'fb>s^(Si02) ^7740 

^ 3000x3000 um^ » 300 um ' ^^^t^j^^^am^ 

(Flange).^ 4; 1100x1100x3 um^ » 

-kpm A mn-^^^^mTt^^^Myk^^ SEM ®M : (a) JL^^ 
4£® : (b) -WMj^i^mB^Umii^m^M^ ; (c) ^m;^ 

(31) ^ RC 'fg.it;t;^€ie^(32) ^ .^#i;^A^(33).^ VD 
(34)W4i<. » :^l:;^7iL>>^.>S.n741 OP Amp. mS^±12V -^m^ 
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/ mA-Kpa) ' J^^^^±J^-^^^ » 
^A-^ 8. 9 %FS ' ° 
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1 ^FlTG^^^^m^'t: 640Kpa JLt^m;^'ik^^^m 

(a) iLltffl 

(b) «£S 

(c) JL41,® 



4 4^^m^^i^it#';??L^^ SEM mm 

(c)-WM;h ^ ?^JJ m ffr^m ili ihj# t fir 

5 ;^ m A^Bi m.-WM:h rti^^^ m 4 m % 

(Shear-stress) 
O-iE-i^^^ (Normal -pressure) 
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— — x^i^^ 1 (x ducer 1) 
— O— x#^^^ 2 (x ducer 2) 

(a) x^:^\^^^tSj'WMJl 

(b) 45° ^t^^^^-WM^ 

(c) y 

— 0 — (forward) 
. . O. . >^#(reverse) 



1... ibj^(Flange) 

2... ^a'fb>e^(Si02) 
3... (Diaphragm) 

4... ^M^(Metal line) 

5... X^ilMni- 

6... S&^^CM electrode) 

7... j^J^(Pyrex 7740) 

8... ^fl(Au pad) 

9... ^>i^l^(Wire bonding) 
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10. . I^^^feCCeramic sub. ) 

1 1 . . .>G^:S-^(Si substrate) 

12...7fe.PJ-(Photo resist) 

13...^-f-^^i(Boron Ion Imp.) 

14...iH3#(Cavity) 

15...lL'fb^i^(Si3N4) 

30 ... 1: >^MM U (Power supply) 

31... ^^^^ui^. (Constant current source) 

32... RC^g.it?t^^t^(RC LPF) 

33... ^^ISkXU (.Buffer amplification circuit) 

34... A/D#^:^ll (Computer with an A/D converter) 
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— ^m^^ : ^^l^^;5^J^ii|t Si ^^^WL-K^tLi.X. 
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7^ ^ iFtk^m&m 

' $,amMm^^^mn ^ ^^>$>&;^B0E (Buffer HF) 
a#T>^>i^t ' ^pHFiHgO =1:10 ^>t>^ ; it-f^ffl^l^li^'J 
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